Purpose : Faced with an aging driving population, interest is increasing in the use of restricted licenses or " graduated delicensing " for older drivers to allow them to safely retain a driver ' s license. The primary purpose of this study was to determine whether restricted licenses are successful at mitigating number of crashes per year and whether they can extend the period of crash-free driving for aging adults. Design and Methods: Using a cohort study design, licensing and insurance claims crash records of all drivers aged 66 years and older in British Columbia were examined for the years 1999 -2006. Nonparametric and Cox proportional hazards survival analyses were used to compare restricted vs. unrestricted drivers and to estimate crash risks. Results: The risk of causing a crash was 87% lower for restricted drivers compared with unrestricted drivers after controlling for age and gender. The most common restriction was a combination of daylight driving only plus a speed maximum of 80 km/hr. Restricted drivers retained a driver ' s license for a longer period of time than unrestricted drivers and continued to drive crash free longer than unrestricted drivers. There was no difference in severity of collisions, and results suggest a high level of compliance with daylight-only restrictions. Implications: These fi ndings suggest that driving restrictions may be effective for prolonging the crash-free driving of some aging drivers, thus supporting their continued independence and delaying institutionalization. Further studies are needed to determine which drivers are most likely to benefi t from restricted licenses.
Physical and cognitive declines associated with aging compromise the abilities of older drivers to safely operate a motor vehicle, especially during high -environmental demand situations such as unfamiliar roadways, poor lighting, and intersections ( Di Stefano & Macdonald, 2003 ) . Personenvironment fi t models ( Lawton, 1980 ; Lawton & Nahemow, 1973 ) describe how people can adapt within a range of environmental demands, but there is a threshold beyond which maladaptive behavior occurs. Individuals with lower levels of competence can only withstand lower levels of environmental demand-for example, novice drivers with no experience as well as older drivers with lower cognitive and driving skills are associated with higher numbers of car crashes ( Evans, 1991 ; Lee, Lee, Cameron, & Li-Tsang, 2003 ) . In the interests of public safety, licensing authorities frequently revoke the driving privileges of individuals who demonstrate poor driving skills, such as drivers with multiple moving violations and crashes, and drivers whose vision has deteriorated below the permissible level. However, older individuals, in particular older men, are emotionally invested in their vehicles, and the loss of a license has been described in catastrophic terms by many older drivers ( Eisenhandler, 1993 ; Stutts, Wilkins, Reinfurt, Rodgman, & Van Heusen-Causey, 2001 ).
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Furthermore, there is some evidence suggesting that driving cessation increases the risk for entry into long-term care ( Freeman, Gange, Munoz, & West, 2006 ) , and among aging adults, loss of a driver ' s license is associated with social isolation and increased depressive symptoms ( Fonda, Wallace, & Herzog, 2001 ; Marottoli et al., 1997 ) .
In almost all Canadian provinces and the United States ( Cobb & Coughlin, 1997 ) , provisions are available to place limitations on licenses of older drivers, such as restricting speed, time of travel (i.e., daytime only), or geographical area of travel (distance from the home), or all. These restrictions are an attempt to improve the fi t between the skills of the elder and the demands of the roadway environment, and to delay revoking a license altogether. For example, restrictions for lower speed of travel or daylight driving only may be levied as a result of poor Snellen acuity scores ( Stutts, Stewart, & Van Heusen-Causey, 2000 ) . In British Columbia, road examiners evaluate skills such as reaction time and ability to shoulder check quickly; older drivers who cannot skillfully merge onto highways may be reissued a driver ' s license, but with a restriction forbidding highway driving.
In a retrospective analysis of police-attended crashes in North Carolina, Stutts and colleagues (2000) found that the average number of crashes per licensed driver older than 65 years was higher for drivers with more than one restriction including corrective lenses (0.165) than for drivers with no restrictions (0.117). Conversely, Marshall, Spasoff, Nair, and van Walraven (2002) found a relative insurance claim crash reduction of 31.8% for Saskatchewan drivers after imposing restrictions such as daylight only, restricted radius of travel, or requirement for periodic eye exams. In the former study, the focus was on overall driver crash risk so that different types of driving restrictions were combined, and it is unclear whether the crashes occurred before or during the restricted period. The latter study focused on medical restrictions and included drivers of all ages, rather than specifi cally older drivers. Vernon and coworkers (2002) also examined crashes of drivers with medical conditions versus age-matched controls who had not reported any medical conditions. Compared with controls, both restricted and unrestricted drivers with a self-reported medical condition had higher total crash and at-fault crash rates. When examined by type of illness, restricted drivers had higher overall and at-fault crash rates for epilepsy, psychiatric problems, visual acuity, and musculoskeletal and alcohol/drug ailments but not higher crash rates if their medical problem was diabetes or cardiovascular, pulmonary, or a neurological disorder. Both restricted and unrestricted drivers with multiple medical conditions had higher overall and at-fault crash rates than controls. However, the study did not directly compare restricted versus unrestricted drivers.
The purpose of this study was to determine whether the safe driving of older adults can be prolonged by restricting the conditions under which elders are permitted to drive. In this study, four specifi c questions were addressed: (a) Do older restricted license holders have higher prerestriction crash rates than older nonrestricted drivers? (b) Does the application of restrictions result in a change in the crash rate of at-risk older drivers? (c) Do restrictions prolong the duration of crash-free driving? (d) Does the application of restrictions result in a decrease in severity of crashes? Guided by person -environment fi t models, it was hypothesized that older drivers with higher crash rates will demonstrate reduced driving skills during on-road assessment and thus be more likely to have restrictions placed on their license. It was further hypothesized that driving restrictions will result in a reduction in crashes after compared with before restrictions, and that restrictions will prolong the period of person -environment balance and thus extend the period of crash-free driving as well as result in less serious crashes when they occur.
Methods

Licensing Restrictions
In British Columbia, the application of a driving restriction typically occurs in conjunction with license renewal. License renewal is conducted every 5 years, and retesting of vision, knowledge, or onroad driving assessment is not generally required to renew a license. Beginning at age 80 years and every 2 years thereafter, older drivers must submit a medical report indicating fi tness to drive, and if no medical conditions are reported, there is no interruption of the 5-year license renewal process. At any time, medical practitioners, police, driver examiners, or other individuals (friends and relatives) may submit a recommendation to the licensing authority for a reevaluation of an individual ' s license. The licensing authority reviews the evidence and may make an immediate decision-for example, that a restriction is required if an ophthalmologist recommends no nighttime driving because of cataracts. Alternately, the authority may request further evidence in the form of an on-road assessment or additional medical evaluations.
Participants
Data were obtained from the Insurance Corporation of British Columbia ' s (ICBC) provincial licensing and insurance records. All drivers in the province must obtain a driver ' s license and purchase basic vehicle insurance from ICBC. The subsample used in this research therefore included all licensed drivers in the province who were aged 66 years and older as of January 1, 1999. Driving record data were obtained for the period January 1, 1999 , to June 30, 2006 . Personal information that could be used to identify the participants was not extracted, and the study was approved by the Simon Fraser University ethics committee.
Measures
Period of Licensure. -Data included exact dates for on-road testing, license issue, renewal, cancellation/expiry, and licensing restrictions. We selected only driving restrictions that are likely to be associated with the effects of aging: (a) restricted speed (not to exceed 80 km/hr, not to exceed 60 km/hr, and no driving on specifi ed highway), (b) restricted geographical radius (permitted area of travel specifi ed), and (c) restricted time of day (daylight hours only and no rush hour travel). Restrictions for corrective lenses, vehicle modifi cations for physical handicaps (e.g., hand controls), and restrictions for vehicle type (e.g., air brakes) were not included.
Crashes. -For each driver, insurance claims crash data (including police-attended crashes) were extracted. In British Columbia, police-reported data represent only about 17% of all crash-claim events ( Zheng, Cooper, & Dean, 2007 ) . Only those crashes where the older driver was deemed by ICBC to be at least 50% liable were included. Liability is assessed based on examination of vehicle damage as well as on witness and crash participant statements.
Crash Severity. -For each collision, the associated severity code was obtained. ICBC assigns a four-level severity code: (a) crash involves minor material damage only, value $1,000 or less; (b) crash involves major material damage, value greater than $1,000, but no injuries; (c) crash involves injuries (value of material damage not stated); and (d) crash involves a fatality (value of material damage/presence of injuries not stated).
Analysis
The study was carried out in four phases to address the four questions relevant to the issue. Crash rates were calculated in number of crashes per 100 days. Statistical analysis was conducted using SPSS version 15.0.
Phase I: Crash Rate Prior to Restriction. -Phase I of the study addressed the question of whether older drivers with restricted licenses had higher crash rates than nonrestricted drivers prior to the restriction being imposed. This was important in establishing the baseline crash risk of the two groups. For drivers who received their fi rst restriction during the study period, crash records were examined for the period prior to the restriction being imposed. Mean crash rates per 100 days of license were compared for never-restricted versus eventually restricted drivers.
Phase II: Change in Crash Rate. -This phase of the study was designed to determine if crash rates of older drivers change after driving restrictions are imposed. All restricted drivers who had been driving at least 1 year without a restriction from the beginning of the study were identifi ed. Crash rates before the restriction was applied were compared with crash rates for the same driver after the restriction was applied, using Wilcoxon signedrank tests. Only drivers who had their fi rst restriction applied on or after January 1, 1999, versus included in the analysis.
Phase III: Survival Analysis. -Survival analysis was used to address the question of whether drivers who are issued a restricted license remain crash free for a longer period of time than those who continue to hold an unrestricted license. Survival analysis has benefi ts over other regression methods because it uses time-embedded events, it does not assume that the rates of event occurrence are constant over the period of study, and it uses " censored " individuals who did not experience a crash during the period that they were exposed to the event.
In this study, semiparametric analysis using Cox proportional hazards (PH) is used (analysis using accelerated failure time models produced similar results). Log-minus-log survival versus log time plots for all variables showed parallel lines, indicating that the hazards between groups were proportional, an assumption required for Cox PH. The event was the fi rst at-fault claims crash following relicensing. Precise dates allowed for a detailed scale unit in days. Time of origin was set as the latest date that a driving license was reissued for each driver because it was reasoned that reissuing a license signaled the start of renewed exposure to the risk of a crash from driving. Therefore, drivers were not included in the sample if they were licensed at the beginning of the study but did not renew their license after it had expired. This would increase the probability that all drivers in the sample were actively driving.
Survival time was calculated from relicensing until crash (or censor) for unrestricted drivers and for drivers who were already restricted at the beginning of the study, and time from restriction to crash (or censor) for drivers who received their fi rst restriction during the study period. For drivers who did not experience a crash, date of censor was set as the earliest date among the following: end of study date (June 30, 2006) , license expiry date, or death date. Survival time was therefore calculated as the number of days from license renewal or restriction to crash or censor date. Because licenses are valid for 5 years, the maximum time was 5 years (1,825 days).
The effects of individual types of restrictions were also examined by selecting drivers with only one type of restriction. Survival analysis was performed separately for each group.
Phase IV: Crash Severity and Restriction
Compliance. -Crash severity of restricted drivers was compared with that of unrestricted drivers. Because most drivers were involved in only one crash, the fi rst crash during the study period (for never-restricted drivers) or the fi rst crash following license restriction was selected for comparison. Information about the number of vehicles involved and the severity code applied by ICBC was used. The customary procedure in road safety studies is to assign the highest severity rank to crashes involving fatalities. In the current study, classifi cations for the ICBC severity codes were similarly recoded as ordinal measures, with the most serious collision (involving a fatality) coded as 4 and minor material damage coded as 1. An overall severity score was then developed by multiplying the severity code value by the number of vehicles involved in the collision. Others have used similar methods, weighting severity codes by number of crashes ( Campbell & Knapp, 2005 ) , time of crash ( Madsen & Wright, 1998 ) , and number of people and vehicles ( Rombro, 2001 ).
An estimate of driver compliance with daylightonly restrictions was undertaken by examining the times of crashes involving restricted drivers. Analysis focused on the daylight-only restriction because data pertaining to speed of travel at time of crash are less reliable and because few drivers were restricted by geographical area. Crash times for all drivers in British Columbia aged 66 years and older were extracted from ICBC databases for the years 2003 -2006 . Twilight times were determined for each month, and drivers were coded as noncompliant if their crashes occurred half an hour or more beyond the twilight time.
Results
Characteristics of Older Drivers in Sample
There were 151,284 individuals in British Columbia ranging in age from 66 to 103 years ( M 74.2, Mdn 73 years) who held a valid driver ' s license between January 1, 1999, and June 30, 2006. Slightly more than half (53.4%) of the older drivers were men, and at the start of the study (January 1, 1999), 2.5% had an age-related restriction on their license. During the course of the study, an additional 3,266 (2.2%) drivers had restrictions placed on their license. Restricted drivers were more likely to be men (61.2% vs. 54.1%, c 2 = 73.65, p < .001) and older (78.1 vs. 74.1, t = − 33.08, p < .001) than unrestricted drivers. As shown in Figure 1 , age of restricted license holders peaks at age 80 years (coinciding with the requirement for medical certifi cation) and declines thereafter, with the greatest number being between 80 and 86 years of age.
Number of drivers with different types of driving restrictions is presented in Table 1 . Of the total 7,032 drivers who were restricted during the study period, the mean number of restrictions per person was not different for men compared with women. Signifi cantly more men than women were restricted to daylight driving (2.9% and 2.3%, respectively, c 2 = 48.40, p < .001) and driving below 80 km/ hr (4.0% vs. 2.9%, c 2 = 154.86, p < .001). However, slightly more women than men were restricted to driving below 60 km/hr (0.3% vs. 0.2%, c 2 = 3.75, p = .053). There was no difference between the proportion of men and women restricted to a specifi c geographical area or restricted from highway driving. The most common restriction was a combination of daylight driving only plus a maximum of 80 km/hr, which applied to 42% of the restricted drivers. Approximately one quarter (28.6%) of individuals with a single restriction were restricted for maximum 80 km/hr and 10.2% for geographical area only.
Phase I: Crash Rate Prior to Restriction
As expected, compared with never-restricted drivers, older drivers who eventually had a restriction placed on their license had a higher prerestriction crash rate than those who continued to drive unrestricted for the duration of the study ( M 0.026 vs. 0.016 crashes per 100 days license, t = − 3.051, p = .002). Among both restricted and unrestricted drivers, men were more likely to cause a crash sometime during the entire study period, and men were also more likely to cause a crash prior to receiving a restricted license (21.0% of men vs. 17.2% of women, c 2 = 7.37, p = .007; Table 2 ).
Phase II: Crash Rate Change
Phase II examined the effect of restricted licenses on crash rates. The subsample for this analysis was composed of 2,661 restricted older drivers who had been driving at least 1 year during the study period before a restriction was imposed. Older drivers were involved in 805 culpable collisions before restrictions were added compared with 514 after restrictions were imposed. As expected, the mean number of crashes per driver before restrictions (0.31) was also greater than after (0.19; t = 7.66, p < .001). More drivers remained crash free after getting a restricted license: prior to a restriction, 2,050 drivers were not involved in a culpable crash, whereas 2,265 drivers did not cause a crash after being restricted. Results of Wilcoxon signed-rank test showed a statistically signifi cant difference in total pre-versus postrestriction crashes ( Table 3 ) .
Crash rate per 100 days of license was calculated for each restricted driver. The mean crash rate before restrictions was 0.023 and declined to 0.018 ( t = 3.25, p = .001), representing a 17.4% reduction. This postrestriction crash rate is closer to the mean of 0.016 crashes per 100 days calculated for neverrestricted drivers in Phase I. We also examined different exposure rates. Older drivers who had a continuous license at least 2 years before and after the restriction also resulted in a statistically significant association (crash rates = 0.024 vs. 0.017; t = 3.64, p < .001) and for a 3-year period (crash rates = 0.027 vs. 0.019 t = 3.33, p = .001). As shown in Table 3 , results of Wilcoxon signed-rank tests showed that signifi cantly more restricted drivers had lower crash rates after receiving a restricted license than when they were driving unrestricted, and this pattern continued for up to 3 years. 
Phase III: Survival Analysis
A total of 125,313 older drivers who were reissued a driver ' s license during the study period were identifi ed. Of these, 4.4% held restricted licenses sometime during the study, with 1.3% being already restricted at the start of the study. Restricted license holders were older. Only 3.2% of unrestricted drivers were aged 85 years and older, whereas 13.3% of restricted drivers were in this older age category ( Table 4 ), so that the crashes of restricted drivers occurred over a longer period of time. An equal proportion (11%) of restricted and unrestricted older drivers caused a crash after renewing their license, and although restricted drivers were more likely to be involved in two collisions than unrestricted drivers, 19 unrestricted but no restricted drivers caused more than six crashes. It should be noted that the period of time over which crashes were observed depended on the date of license renewal and so was not equal for all drivers. In fact, the mean number of days (survival time) from license renewal until a crash was signifi cantly longer for drivers with restricted than with unrestricted licenses (651.13 compared with 533.99 days, t = − 5.453, p < .001). More men than women caused collisions (12.4% vs. 10.1%, c 2 = 160.921, p < .001). Results of the unadjusted Cox PH regression revealed a statistically signifi cant difference between restricted and unrestricted drivers, where the likelihood of a crash was 0.87 lower for restricted than for unrestricted older drivers ( Table 5 ). The covariate gender added signifi cantly to the model but had little impact on the effect of license type on time to crash. Crash rates were higher (odds ratio = 1.36) for men compared with women. Age at time of license renewal was also found to be a statistically signifi cant covariate, with the risk of crash increasing by a factor of 1.1 for each year increase in age. After adjusting for gender and age, the crash rate of restricted drivers was increased slightly (odds ratio = 0.89). No correlations were found among variables. The survival function for the model adjusted for covariates is presented in Figure 2 .
To further examine the effects of specifi c individual driving restrictions on survival, drivers with only one restriction were compared with unrestricted drivers. The only model that was found to be statistically signifi cant was for drivers with a restriction for daylight-only driving ( Table 6 ). After controlling for gender and age, the odds of causing a collision were reduced by half (odds ratio = 0.49) for drivers restricted to daylight-only driving compared with unrestricted drivers. Men restricted to daylight driving had 1.36 times the odds of crashing compared with women, and the risk of causing a crash increased by a factor of 1.02 for each year increase in age ( Table 5 ) . Combining all speed-related restrictions approached but still did not reach statistical signifi cance.
Phase IV: Crash Severity and Restriction Compliance
For both restricted and unrestricted drivers, there were approximately equal proportions of major and minor material damage collisions, although it must be noted that extent of material damage is in large part a function of the value of the vehicles involved in the collision. When collisions involving injuries/ fatalities were compared with non-injury collisions, there was no difference between types of license holders ( Table 7 ) . A comparison of mean severity scores, calculated by weighting severity by number of vehicles, also did not produce a statistically signifi cant result. There were also no statistically signifi cant differences between restricted and unrestricted drivers concerning involvement in single-versus multi-vehicle crashes, nor in the presence of injuries/fatalities versus material damage only. Finally, an analysis of compliance to restrictions was conducted based on a subset of 589 crashes that were caused by older drivers with daylight-only restrictions. There was no time recorded for 65 of the crashes, and these were removed from the analysis. Only 18 crashes (3.1%) occurred during the time when it was probably dark, 5 caused by women and 13 by men. All except one crash occurred in the evening winter months between mid-October and early February. Mean age of the sample was 84.1 years, and there was no difference in age between the drivers who crashed during daylight and those who crashed during the dark.
Discussion
This study demonstrates that in British Columbia, driver license restrictions are correlated with higher prerestriction rates of causing a crash, and that a 17.4% reduction in crashes per 100 days of license and an overall 11% reduction in at-fault crash risk may be attained by restricting the speed, area of travel, or time of day of driving, or all. These results are similar to the 12.8% reduction in crashes reported by Marshall and coworkers (2002) after imposing restrictions on drivers of all ages for medical reasons. Drawing from personenvironment theory, we interpret our fi ndings as meaning that restricted licensing resulted in a better fi t between the resources of the older driver and the demands of the road environment. The fi nding that at-fault crashes of restricted drivers increased with age is also consistent with the model ' s prediction of a threshold level of personal resources needed to maintain positive outcomes of behavior because advanced age is generally associated with worsening health and declining driving skills. This study used insurance claims crashes that tend to include less serious collisions than those reported by police, although results showed no difference in injurious crashes between restricted and unrestricted drivers. Our mean unrestricted driver crash rate of 0.016 crashes per 100 license days, equivalent to 0.058 crashes per year of license, is higher than the 0.039 crashes per year of license that can be calculated from Stutts and coworkers (2000) for unrestricted drivers but lower than the 0.07 reported by Margolis and coworkers (2002) for women drivers. Because prior crashes are predictive of subsequent crashes ( Daigneault, Joly, & Frigon, 2002 ) , it would be expected that the at-fault crash rate of the restricted driver group would be higher than that of the unrestricted group if all individuals continued to drive unrestricted. This suggests that the results of this study may actually underestimate the positive effect of restricted licenses on at-fault crashes of aging adults. During the period of this study, 611 drivers caused a total of 805 crashes before being restricted; after restrictions, 396 of these same drivers caused 514 crashes. If these drivers had never received restrictions, our data suggest that an additional 291 crashes involving 215 additional older drivers may have occurred during the study period.
In examining how each type of driving restriction affected the crash rate of older drivers, the only statistically signifi cant model was for the daylight-only restriction. Elders restricted from driving at night had half the crash risk of those who were not restricted. The lack of statistically significant survival models for speed and geographical area demonstrates that the crash risk of high-risk older drivers is reduced to that of the general driving population by applying these restrictions. It is possible that drivers with speed-related and geographical restrictions have a lower compliance than those restricted to daylight-only driving resulting in more crashes, but this could not be determined in this study. The additional reduction in crash risk for daylight-only driving is a particularly signifi cant fi nding, suggesting that it may be prudent to screen all older drivers for visual problems under low-light/low-contrast conditions. Vernon and coworkers (2002) also reported lower crash rates for restricted than for unrestricted drivers with visual problems, although relative risks for the two groups were not computed. During low illumination, signifi cant decreases in road sign and hazard detection have been identifi ed among older drivers ( Owens, Wood, & Owens, 2007 ) . Moreover, drivers with cataracts that restrict light transmission to the retina are four times more likely to report driving diffi culties and 2.5 times more likely to have caused a crash ( Owsley, Stalvey, Wells, & Sloane, 1999 ) . In British Columbia, the requirement for medical certifi cation at age 80 years and older includes vision checks, and driver examiners may also choose to use vision screening during license renewal, although they are not required to do so. Further studies may inform the relative contribution of this practice. This study demonstrated that older drivers with restricted licenses retain their driver ' s license for longer than those who were not restricted, a fi nding that may be especially signifi cant for the psychological well-being of older individuals. Rothe (1994) established that a license to drive is synonymous with self-respect, social membership, independence, and quality of life; and the loss of the right to drive creates a crisis in the older adult ' s life. Although some studies have shown that drivers involved in a crash or near crash make them consider giving up driving ( Ragland, Satariano, & MacLeod, 2004 ; Rudman, Riedland, Chipman, & Sciortino, 2006 ) , others have shown that crash involvement was a relatively minor contributor to actual driving cessation ( Adler & Kuskowski, 2003 ; Carr, Shead, & Storandt, 2005 ; Persson, 1993 ) . The restricted drivers in this study were older; yet, they retained their licenses for longer periods than the unrestricted drivers. Although it is possible that the older restricted drivers ceased driving while retaining their licenses only for identifi cation purposes, the fi nding that equal proportions of restricted and unrestricted drivers were eventually involved in crashes does not support such a conclusion. Alternately, it is possible that the unrestricted drivers continued to drive in more challenging environments, crashed earlier, and had their license cancelled as a result, whereas restricted drivers continued to drive in more appropriate conditions until their level of skill declined below the threshold needed. If this is the case, more frequent reevaluation of restricted license holders may be justifi ed. Even if restricted licenses encourage drivers to continue driving, results of this study show that they do so at a reduced risk of causing a crash. The fi nding that restricted licenses may permit an older person to remain licensed, even though the driving must be reduced, is important to the lives of many individuals seeking to maintain an independent lifestyle and may facilitate community living as opposed to institutionalization.
Although the proportion of women in the population increases with advanced age, the sample of drivers in this study contained more men. In the current cohort of elders, men have traditionally been the primary drivers, although this trend is expected to change as baby boomers age ( Wallace & Franc, 1999 ) . Millar (1999) reported that currently only 43% of women hold a valid driver ' s license; among today ' s baby boomers, 94% of women are licensed to drive ( Hakamies-Blomqvist, 2004 ). In the current study, men were also more likely to receive restricted licenses than were women. One possible explanation for this fi nding is that men may continue to drive in situations beyond their abilities and are thus more likely to be involved in police-attended collisions resulting in more driving reassessment referrals. Findings that older men rate their confi dence in their driving skills higher than women ( Charlton et al., 2006 ) , report more intentional violations ( Parker, MacDonald, Sutcliffe, & Rabbitt, 2001 ) , and are less likely to avoid highrisk driving situations ( Brabyn, Schneck, Lott, & Haegerstrom-Portnoy, 2005 ; Rimmo & HakamiesBlomqvist, 2002 ) support this assumption. Furthermore, Zhang, Lindsay, Clarke, Robbins, and Mao (2000) demonstrated that crashes involving elderly male drivers were likely to be more serious than those involving elderly women.
It is possible that other types of restricted licenses could be developed that would lower crash rates further, for example, a restriction on the length of each individual trip taken by the elderly driver. Freund and Colgrove (2007) identifi ed a need to limit driving time for a group of elderly drivers to a maximum of 30 min per trip because of the increased workload and fatigue experienced by aging drivers. Also, Horberry, Anderson, Regan, Triggs, and Brown (2006) found that older adults slowed more and deviated more from the posted speed limit when attempting to perform the dual tasks in a driving simulator. As personal resources decline with aging, restrictions regarding in-vehicle technologies, such as handheld mobile phones that require the user to take their eyes off the road, should also be considered.
Results of this study may not be applicable to other jurisdictions because the policies and procedures dealing with licensing restrictions may vary substantially between licensing authorities. A further limitation of this study is that driving exposure data (miles driven or time in vehicle) were not available. It may be argued that the prolonged atfault crash-free driving of the restricted driver group does not actually show reduced crash risk while behind the wheel but reduced exposure. Alternatively, it could be contended that the purpose of restricted licenses is to reduce crashes caused by older drivers by actually reducing exposure, at least to high-risk situations. Our compliance data suggest that high-risk exposure is reduced by driving restrictions, although our analysis was restricted to only one type of restriction. In North Carolina, Stutts and coworkers (2000) found that only 4.5% of older drivers said they never comply with their restrictions and an additional 12% said they sometimes do not comply. Marshall, ManSon-Hing, Molnar, Wilson, and Blair (2007) interviewed 86 elderly licensed drivers in Ontario and found that restrictions receiving the lowest scores were found for those limiting speed to 60 km/hr, driving within a 10-km radius of home or to specifi c destinations only, and driving only when accompanied by another licensed driver. In the current study, only 3.6% of drivers had a restriction for 60 km/hr or less, and 11.9% had restrictions for radius of travel. It is therefore unlikely that a large proportion of restricted license holders were driving contrary to their restrictions. Additional studies including distances and traveling times are needed to determine if exposure is reduced for high-risk driving situations only or whether driving restrictions result in an overall reduction in exposure. Regardless, from a public policy perspective, the reduction in total atfault crashes found in this study is substantively important.
The clinical signifi cance of this study warrants discussion. Vernon and coworkers (2002) stated that the goal of management strategies for drivers with medical problems is to control risk, " so that it is not unacceptably greater than that from the driving population as a whole. " They concluded that because the relative risks for both restricted and unrestricted drivers with medical conditions was only modestly elevated (generally within the range of 1.0 -1.7), their management program could be judged as performing well overall. In our cohort study, which is predisposed to fewer biases, restricted drivers did not have even a " modestly elevated " level of risk compared with the general driving population, and in fact, survival analysis showed an 11% reduction in risk for all restrictions combined. The application of restricted licenses may therefore be considered effective. Furthermore, our overall 17.4% reduction in crash rate following restrictions may be compared with the 16% reduction in crashes realized by implementing graduated licensing for novice drivers in British Columbia ( Wiggins, 2004 ) .
The fi ndings of this study suggest that restricting licenses of older drivers may reduce subsequent at-fault crash risk while supporting the psychosocial well-being and independence of the individual. Further studies could be designed to examine the infl uence of factors such as number of medical conditions, educational level, area of residence, and even driver examiner characteristics on restrictions. Studies should be conducted to identify factors such as specifi c driving styles or habits that may be used to predict drivers who would most benefi t from restricted licenses.
